Objectives: To elucidate the association between metabolic syndrome (MetS) and disability due to low back pain (LBP) among care workers. Material and Methods: This cross-sectional study enrolled 656 care workers having experienced LBP in the year prior to the year of this study. The Roland-Morris Disability questionnaire (RDQ) and self-reported questionnaires regarding LBP, fear of movement, depressive symptom, psychosocial factors, intensity of pain, and duration of pain were administered, and a medical examination was performed. Metabolic syndrome was defined according to the international definition agreed in 2009. Out of the 656 care workers, we included 316 care workers (response rate: 48.2%) who had fully completed the questionnaires as the study sample (males: 13.6%, median age = 51 years old, range: 35-74 years old). To examine the association between MetS and the level of disability due to LBP, we used the Poisson regression analysis and estimated crude and adjusted prevalence ratios (PR). Results: Out of the 316 care workers, 52 (16.5%) were diagnosed as having MetS. Metabolic syndrome was significantly associated with the RDQ score (adjusted PR: 1.57, 95% confidence interval (CI): 1.17-2.11) after adjusting for covariates, such as age, sex, fear of movement, job demands, social support, intensity of pain, and duration of pain. Conclusions: This study showed that MetS was independently associated with disability due to LBP among care workers. A multidisciplinary intervention taking MetS into consideration may be an effective way to reduce disability due to LBP in people with both LBP and MetS. 
INTRODUCTION
Low back pain (LBP) is a serious and common health problem among the working population. In Japan, LBP accounted for 62% of sick leaves longer than 4 days [1] . It has been particularly prevalent among care workers [2] , with 19% of work-related LBP in Japan occurring among nursing home employees [1] . It often results in disability that affects daily living, leading to not only a decline in quality of life but also to a greater need for medical attention [3] , thus creating a serious socioeconomic burden [4] . A good understanding of the potential risk factors for disability due to LBP is therefore essential for reducing the level of disability, improving quality of life and reducing the socioeconomic burden. Disability due to LBP has been shown to be attributed to physical workload such as manual patient handling and psychosocial factors among care workers [5] . Previous studies showed that age, intensity of pain and duration of pain were significantly associated with disability due to LBP [6] [7] [8] , as have fear of movement, depressive symptom and psychosocial factors [9] [10] [11] . In addition, a recent study of elderly women reported that the prevalence of LBP was significantly higher in a group with metabolic syndrome (MetS) than in the non-MetS group [12] . Metabolic syndrome is a cluster of symptoms, including central obesity, dyslipidaemia, hyperglycaemia and hypertension, which could be improved and prevented by modifying lifestyle factors such as diet and physical activity [13] . Thus, MetS may also lead to the exacerbation of disability due to LBP. However, no study has investigated this as yet. The purpose of this study has therefore been to investigate a potential association between MetS and disability among care workers with LBP. As care work presents with high prevalence of LBP, clarification of this relationship will help establish a more efficient approach towards LBP.
To assess the fear of movement, we used a Japanese version of the 11-item Tampa Scale of Kinesiophobia (TSK) [16] . Each item was scored on a 4-point Likert scale (with higher score indicating more severe fear of movement). Depressive symptom was assessed using a Japanese version of the Center for Epidemiologic Studies Depression Scale (CES-D) [17] , which comprises 10 items, each scored on a 4-point Likert scale. Therefore, the total score ranges between 0 and 30, with a score of 10 or greater indicating a clinically relevant depressive symptom. We used a Japanese version of the Job Content Questionnaire (JCQ) to assess psychosocial characteristics of each participant's job [18] . To assure confidentiality, we ensured that the answers were only seen by the researchers when the self-report questionnaires were collected. The JCQ consists of 3 subscales: job demands, job control and social support. Job demands (range: 12-48) includes 5 items; Job control (range: 24-96) comprises 2 further subscales (skill discretion (6 items) and decision authority (3 items)); and Social support (range: 8-32) also comprises 2 subscales (supervisor support (4 items) and co-worker support (4 items)). All items are scored on a 4-point Likert scale.
Statistical analysis
Distributions of demographic data were compared between the MetS group and the non-MetS group using the Mann-Whitney U test or Chi 2 test.
We performed the univariate and multiple Poisson regression analysis with robust variance to investigate the association of MetS and covariates with RDQ. Age, sex and the variables shown to be statistically significant (p < 0.05) in the univariate Poisson regression analysis were selected as covariates. Crude and adjusted prevalence ratios (PR) with 95% confidence intervals (CI) were computed. All statistical analyses were performed using Stata v. 13.1. The p-values less than 0.05 were considered statistically significant. ≤ 40 mg/dl, female ≤ 50 mg/dl (or drug treatment for reduced HDL-c), -fasting glucose: ≥ 100 mg/dl (or drug treatment for elevated glucose). Physical workload was estimated with a physical workload index developed and validated by Hollmann [15] . This index includes unfavorable postures of the body during work (bending, twisting, kneeling or squatting) as well as handling heavy loads. Fourteen items are used for describing the postures: 3 describe postures of the trunk (strongly inclined, twisted, laterally bent), 2 describe positions of the arms (1 arm above shoulder height, 2 arms above shoulder height), 3 describe the position of the legs (squatting, kneeling on one or both knees, walking or moving), 3 describe lifting weights with the trunk upright and 3 describe the weight lifted with the trunk inclined by 60° (< 10 kg, 10-20 kg, > 20 kg). Each item is presented as a pictogram and has a 5-point Likert scale ranging from "never" to "very often." These values were aggregated to a single value between 0 and 52.56, which was an estimate of the total physical workload (with higher score indicating a greater physical workload). 15-1.44) ). In the multiple Poisson regression analysis, MetS was significantly associated with RDQ score after adjusting for the covariates (Table 2 ). Significant associations with RDQ score were also found RESULTS Out of 656 care workers who had experienced LBP in the year prior to this study, we included 316 care workers (response rate: 48.2%) who had fully completed the questionnaires as the study sample (male: 13.6%, median age = 51 years, range: 35-74 years). Fifty-two (16.5%) participants were diagnosed with MetS. The median RDQ score was 2 (range: 0-20). The Table 1 shows the comparison of characteristics between the MetS and the non-MetS group. The MetS group was significantly older and had significantly higher body mass index (BMI), waist circumference, systolic and tion and osteoarthritis [21, 22] . Another study found that there were high levels of inflammatory cytokines in facet joint cartilage and the synovium in people with degenerative lumbar spinal disorders [23] . Thus, central obesity and chronic inflammation can result in high lumbar spine loads in people with both LBP and MetS, and this may have exacerbated the level of disability due to LBP. All subjects in this study were care workers. Care workers are frequently required to undertake manual handling as part of their work such as, transferring, lifting and repositioning in their works. Biomechanical investigations have confirmed that such manual handling generates high spinal stresses [24, 25] . From these findings, it was considered that higher lumbar spine loads during manual handling are more likely to be experienced by care workers with MetS than by those without, and also that this would result in an exacerbation of disability due to LBP. Our results have potential implications for the most appropriate approach to be taken for people with both LBP and MetS. According to the biopsychosocial model proposed by Waddell, interventions for LBP should not be limited to addressing biological problems but should take all dimensions into consideration [26] . A recent systematic review revealed that multidisciplinary interventions were more effective than normal care and physical treatment in relieving pain and disability among people with chronic LBP [27] . Some randomized controlled trials have shown for TSK score (PR = 1.05 (95% CI: 1.02-1.08)), intensity of pain (PR = 1.44 (95% CI: 1.27-1.62)) and duration of pain (PR = 1.14 (95% CI: 1.02-1.28)).
DISCUSSION
The purpose of this study has been to investigate the association between MetS and disability due to LBP among care workers. The results showed that MetS was significantly associated with disability due to LBP and that this association was independent of the other covariates, such as age, sex, fear of movement, job demands, social support, intensity of pain and duration of pain. In addition to MetS, fear of movement, intensity of pain, and duration of pain were also associated with the disability due to LBP in the multiple Poisson regression analysis. These results were consistent with previous studies [6] [7] [8] . This is the first study to show an independent association between MetS and disability due to LBP in care workers. There are several possible explanations for the association. Metabolic syndrome consists of central obesity, dyslipidaemia, hyperglycaemia and hypertension. Central obesity results in greater torque and compression loads on the lumbar spine than general obesity [19] . Furthermore, recent studies have reported that people with MetS also carry systemic chronic inflammation because adipokines are abnormally generated from their adipose tissue [20] , and that chronic inflammation can cause joint degenera- 
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that multidisciplinary interventions consisting of physical exercise with psychological and ergonomic approaches, such as evaluation and adjustment of the workplace, improved pain and disability among people with chronic LBP in comparison with the usual physical therapy [28, 29] .
In this study, we have found an association between MetS and the level of disability due to LBP. For MetS to resolve, a combination of physical exercise and nutritional therapy is essential. The American Diabetes Association and the National Cholesterol Education Program Adult Treatment Panel III recommend therapeutic lifestyle changes, including a reduced intake of saturated fats and cholesterol and an increase in physical activity [30] . Therefore, adding an approach for addressing MetS to the conventional approach for LBP is effective for reducing disability due to LBP among people with both LBP and MetS. This study has had several limitations that should be considered. First, we did not examine any image diagnoses and inflammation markers; therefore, physiological and biomechanical factors could not be covered in this study.
We should evaluate these factors in further studies. Secondly, although our results were adjusted for sex, the majority of participants in this study were female. Some studies reported that a sex difference existed in disability due to musculoskeletal pain including LBP; female had greater pain-related disability than male [31] [32] [33] . Thus, caution should be taken in generalization of the results. Thirdly, this study has had a cross-sectional design. Therefore, as a causal relationship between MetS and disability due to LBP cannot be established, a longitudinal study should be performed in the future.
CONCLUSIONS
This study has shown that MetS is independently associated with disability due to LBP among care workers. A multidisciplinary intervention adding an approach for MetS may be an effective way to reduce disability due to LBP in people with both LBP and MetS.
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